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A CARBON MONOXIDE RECORDER AND ALARM 


By S. H. Karz!, D. A. Rernoups, H. W. Frevert, and J. J. BLooMFIELD 


INTRODUCTION 


In the course of its investigations relating to the gases that may 
endanger the health and safety of workers in mines and industrial 
plants, the Bureau of Mines has given particular attention to that 
deadly gas carbon monoxide (CO), which is produced by the incom- 
plete combustion of coal and other fuels. The bureau has studied 
the physiological effects of the gas, the treatment of persons overcome 
by it, and the methods of detecting it. At the request of the New 
York State Bridge and Tunnel Commission, which desired informa- 
tion on the contamination of tunnel air by carbon monoxide in the 
exhaust: gases of automobile engines, the Bureau of Mines made tests 
to obtain necessary data for a ventilating system for the Holland 
vehicular tunnels under the Hudson River at New York City now 
being constructed. The data obtained for the Holland tunnels were 
applicable to the Liberty vehicular tunnels at Pittsburgh, Pa., 
completed in 1924. The Liberty tunnels are twin tunnels 5,888 feet 
long. Midway in each tunnel a two-compartment shaft leads to the 
fan house at the surface. In the fan house are 8 Sirocco-type fans, 
4 of which exhaust the air longitudinally through half of the tunnels 
while 4 blow air through the other half. 

Four parts of carbon monoxide in 10,000 parts of air was determined 
as the maximum concentration to which a person may be exposed 
for one hour without noticeable effects; or, if the concentration is 
increased from zero uniformly for one hour, the maximum con- 
centration tolerable is 6 parts per 10,000, averaging 3 parts per 
hour? An apparatus that would automatically determine and record 
such low concentrations of carbon monoxide was obviously desirable 
and was considered at a conference between C. M. Holland, chief 
engineer of the Holland tunnol, members of his staff, and members 
of the Bureau of Mines. Then the Bureau of Mines, through, its 

1 This paper submitted to the faculty of the University of Pittsburgh as part requirement for the degree 
of doctor of philosophy. 

1 Henderson, Yandell, Haggard, H. W., Teague, M. W., Prince, O. L., and Wonderlich, R. M., “Phy- 


siological effects of automobile exhaust gas and standards of ventilation for brief exposures,’’ Jour. Ind. 
Hyg., vol. 3, August, 1921, pp. 72-92 and 137-146. 
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Pittsburgh experiment station, andartoor the development of a 
suitable recorder. 

The principle employed is measurement by means of thermo- 
couples of the increased temperature of the gases when the CO and 
‘oxygen react chemically in the presence of a catalyst, the thermoelec- 
tric effects being recorded by means of a reeording potentiometer. 
After extended experimentation and development a recorder was pro- 
duced which is not appreciably affected by the presence of other 
gases and which is capable of indicating and continuously recording 
the highly diluted CO. pereuen over 8 period of six months proved 
it to be reliable. 

Another apparatus gave continuous and satisfactory service for. 
five months at the Liberty tunnels analyzing exhaust air from one 
section and was still working in January, 1925. This apparatus has 
enabled health officials to ascertain that the ventilating machinery 
has operated properly and that the ventilation has been ample at all 
times. The recorder is equipped with a bell to warn attendants in 
the fan house should the CO in its section at any time exceed 4 parts 
in 10,000. Further, the recorder can effect considerable saving in 
power at the fan house if the volume of air is reduced when the CO 
13 low. 

Carbon monoxide recorders should be useful also for promoting 
economy in boiler furnaces, blast furnaces, and other metallurgical 
and chemical equipment, and for investigations pertaining to them. 
They may be useful wherever CO is an important factor because of 
hygienic, technical, or economic reasons, or in gaseous processes when 
CO can be introduced as an inert component. The recorder has 
proved to be the most sensitive instrument known for determining 
carbon monoxide.” 
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3« After this technical paper was written, some tests with an indicating instrument of nearly the same 
sensitivity were described by A. B. Lamb and W.E. Vail. ‘‘ The effect of water and of carbon dioxide on 


the catalytic oxidations of carbon monoxide and hydrogen by oxygen,’’ Jour. Am. Chem Soc., vol. 47, 
Jan. 1925, pp. 122-142. 
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PREVIOUS DEVELOPMENT. OF PRINCIPLES AND INSTRUMENTS 


The principle of indicating the presence of combustible gases 
in air by a differential temperature effect induced by the gases when 
in contact with a catalyst to promote oxidation dates back many 
years. In 1889 Pitkin and Niblett * devised an instrument consist- 
ing of two thermometers in a case pervious to gases; one thermometer 
was coated about the bulb with platinum black, the other was plain. 
The thermometers showed the same temperature indications when 
in pure air, but when combustible gases such as hydrogen or mine 
gases were present the platinized thermometer indicated a higher 
temperature than the other, and the concentration of such gases 
could be estimated from the temperature rise. 

Williams and Williams ‘in 1915 patented an instrument using 
& case pervious to gases, a catalyst, differential thermocouples, and 
a galvanometer; they combined a signaling device with it. The two 
opposing junctions of the thermocouple were covered with porous 
“buttons,” one of which was plain and the other impregnated with 
finely. divided platinum or palladium. The buttons were equally 
heated by means of similar platinum resistances wound about them 
and were electrically connected in series with a battery. The thermo- 
electric circuit included a galvanometer or millivoltmeter and a 
relay. In impure air the galvanometer indicated the percentage 
of the deleterious gas. When enough gas was present, the relay 
closed a second circuit of greater power, which rang a warning bell. 

Chance and Chance® obtained a patent in 1919 for a device in 
which a mercury-filled bulb joined to a tube was surrounded by a 
catalyst, which in turn was surrounded and heated by a liquid bath 
maintained at boiling. Air was drawn through the catalyst by 
means of an exhauster or by a chimney effect. The copper oxide 
catalyst acted on carbon monoxide and hydrogen but did not oxi- 
dize methane unless kept at some higher temperatures. The mercury 
stood at a predetermined height so long as air only was present. 
When enough CO (or other combustible gas) entered, the mer- 
cury rose because of the greater heating and closed an electric 
circuit, causing a signal to operate. 

In 1917 the Bureau of Mines undertook investigations of war gases 
The work led through numerous ramifications,* including the devel- 
opment of hopcalite, a catalyst that causes oxidation of CO in air at 

§ Pitkin, J., and Niblett, J. T., ‘‘Improvements in instruments for indicating the presence of hydrogen 
gases or Ore damp in mines or other places,’’ British Patent 4629, 1889. 


‘ Williams, A., and Williams, L. D., “‘Contrivance for automatically detecting the presence of certain 
gases and vapors,” U.S. Patent 1143478, June 15, 1915. 


§ Chance, T. M., and Chance, E. M., ‘‘Detecting combustible gases,’’ U.8. Patent 1298800, Apr. 1, 1919. 
$ Manning, Van. H., War Gas Investigations. Bull. 178A, Bureau of Mines, 1919, 37 pp. 
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ordinary temperatures.’ Hopcalite is a specially prepared mixture 
of manganese dioxide and copper oxide in granular form * and was 
first used in gas-mask canisters for the purpose of destroying CO. 
Although it was known about 40 years before that some base-metal 
oxides cause at low temperatures catalytic oxidation of CO in the 
presence of oxygen,’® the knowledge was not applied practically until 
hopcalite was used in gas masks. 

While testing the action of CO gas-mask canisters, Lamb and 
Larsen ™ used a CO tester consisting of a platinum catalyst surround- 
ing one junction of a pair of differential thermocouples. The thermo- 
couples were held in a tube through which a steady stream of the 
gas passed, and the series of tubes was inclosed in a vapor bath of 
diphenylamine to maintain a uniform temperature of 325° C. 
The thermocouple leads connected with a galvanometer that 
indicated a difference in potential between the thermocouple junc- 
tions when CO was present. Deflections of the galvanometer were 
calibrated against known concentrations of CO in air passed at a 
uniform rate. Lamb and Larsen ® also describe hopcalite in a gas 
detector applied to gas-mask canisters to signal the presence of CO by 
the closing of an electric circuit through expansion of bimetallic strips 
from the heat of oxidation of CO, or from the effect of the heat on one 
junction of a thermocouple in a circuit with a potential indicator; they 
mention that soda lime and charcoal may precede the hopcalite. 
Another device for warning of the presence of CO, made with bimetallic 
strips in presence of a catalyst, was recently tested in South Africa." 

Some instruments had been made previously to record relatively 
high concentrations of CO," but they are quite different in principle 
from those heretofore described, and so need no further attention here. 


- ’July 1, 1918, the Bureau of Mines war-gas investigations were transferred to the Chemical Warfsre 
Service, U. 8. Army, which had then been recently organized. Since January 1, 1919, the bureau has inves- 
tigated and developed gas masks for industrial purposes at its Pittsburgh experiment station. 

Frazer, J. C. W., and Scalione, C.C., ‘‘Catalyst and process for making it,’’ U. 8. Patent 1345323, June 
20, 1920. 

* Lamb, A. B., Bray, W. C., and Frazer, J. C. W., ‘“‘The removal of carbon monoride from air," Jour. 
Ind. and Eng. Chem., vol. 12, March, 1920, pp. 213-221. Katz, 8. H., Bloomfield, J. J.,and Fieldner, A. 
C., The Universal and Fireman's Gas Masks, Tech. Paper 300, Bureau of Mines, 1923, 22 pp. 

% Wright, C. R. A., and Lul!, A. P., ‘‘ Researches on some points in chemical dynamics,” Jour. Chem. 
Soc., vol. 33, 1878, pp. 1-27 and 504-545. 

11 Lamb, A. B., and Larsen, A. T., ‘The rapid determination of carbon monoride in air,”” Jour. Am. 
Chem. Soc., vol. 41, December, 1919, pp. 1908-1921. ‘Testing gases,” U. 8. Patent 1321063, Nov. 4, 1919. 

13 Lamb, A. B., and Larsen, A. T., ‘‘Gas detector,’ U.S. Patent 1416361, May 16, 1022. 

18 Vaughn, J. A., ‘Notes on a carbon monoxide detector and alarm,” Jour. South African Inst. Eng., 
vol. 22, February, 1924, pp. 98-103 

4 Chemical and Metallurgical Engineering, ‘A new automatic oxygen, carbon monoride, and carbon 
dioxide recorder,” vol. 15, 1916, pp. 512-544. Rideal, E. K., and Taylor, H. 8., “Apparatus for indicating 
and recording quantities of carbon monoxide in hydrogen and other gases,’ Canadian Patent 204004, 
Oct. 26, 1920. Taylor, G. B., and Taylor, H. 3., ‘“‘Automatic volumetric analysis carbon monoxide re- 
corder,” Jour Ind. and Eng. Chem., vol. 14, November, 1922, pp. 1008-1010. Engineering and Mining 
Journa)-Press, ‘‘ Novel recorder will indicate CO content,’”’ vol. 116, Dec. 8 1923, p. 1011. Palmer, P. E., 
and Weaver, E. R., Thermal Conductivity Method for the Analysis of Gases, U. 8. Bureau of Standards 
Technol. Paper 249, Jan. 7, 1924, 100 pp. Fuels and Furnaces, ‘“‘At last, a CO meter,” vol. 1, Octobere 
1923, pp. 471-472. 
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Certain devices that were employed for other purposes have 
been incorporated in the mechanism of the CQ recorder to be de- 
scribed. These include the flow meter of Fieldner, designed for use in 
testing canisters with gases,'® and the device of Mase ** for maintain- 
ing a constant flow of gases. 

Since January 1, 1919, the Bureau of Mines has continued at 
ite Pittsburgh experiment station to develop CO gas masks for use in. 
mines and other industries. Although development of the CO 
recorder proceeded partly in conjunction with gas-mask studies, the 
active undertaking was initiated by the need of continuously record-. 
ing the CO in vehicular tunnels, 


DESCRIPTION OF CARBON MONOXIDE RECORDER 


PRINCIPLE 


When carbon monoxide (CO) unites chemically with oxygen (O,) 
to form carbon dioxide (CO,), according to the equation 


2 €CO+0;==2 CO;-+ heat. (67,960 gram-calories per gram-molecule of CO) 


the heat liberated increases the temperature of the gases themselves 
and of the matter in contact with them. The recorder uses this effect 
as a means of indicating as well as recording the concentration of the 
CO in air. Hopcalite, a catalyst, promotes the union of the CO 
and O,. Thermocouples generate electric potentials which increase 
with the temperature, hence with the CO content, and the effects are 
recorded by a recording potentiometer. The recording potentio- 
meter includes mechanism to operate electric bells or signals when the 
CO attains a concentration of 4 parts per 10,000, or it may be set to 
ring at other predetermined concentrations. 


MECHANISM AND STRUCTURE 


Plate I shows the CO recorder installed at the fan house of the 
Liberty tunnels. The parts are all mounted upon a stand composed 
of a table 24 by 40 by 30 inches high, with a backboard 40 by 48 
inches attached. The top of the backboard stands 614 feet above the 
floor. The table has a shelf 24 by 40 inches, 6 inches above the floor; 
e drawer is included under the table top. 

Figure 1 shows the essential parts of the apparatus. Arrows 
indicate the course of the gas from left to right. The gas is drawn 
through pipes leading from the air ducts of the exhaust fans to a 
motor-driven blower, a, which forces it through the remaining appara- 

 Fieldner, A. C., ““Methods and apparatus for testing canisters,’’ U. 8. Patent 1307813, June 24, 1919. 
™ Mase, BR. P., ‘‘Constant-flow gas regulator,” U.8. Patent 1494856, May 20, 1924. Oberfell, G. G., and 


Mase, R. P., “‘An automatic compensating flow meter,” Jour. Ind. and Eng. Chem., vol. 11, April, 1919 
DPD. 304-296. 
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tus. - Tubing connects the parts through which the gases flow. Gas 
drawn by the pump in excess of requirements is wasted through a side - 
outlet with a hand-regulated globe valve, as shown. The gases pass 
on through the four bottles 6,, },, bs, 6, in series; the second and third 
bottles contain sulphuric acid wash to dry the gases and remove 
hydrocarbons, ammonia, and other gases soluble in or retained by 
sulphuric acid; the first and fourth bottles serve as traps to prevent 
passage of acid to other parts of the apparatus. The gases next pass 
through a receptacle, c, containing a mixture of granular activated 
charcoal and soda lime or other caustic and filters of absorbent 
cotton. These allow the air and CO to pass through but retain all 
other gaseous impurities or suspensoids that may materially affect the 
catalyst following. Hydrogen (H,), methane (CH,), and some 
carbon dioxide (CO,), if present, are not restrained, but these gases 
at their low concentrations do not impair the accuracy of the appara- 
tus, because methane is not oxidized by nor does it affect the catalyst 
at the temperatures employed. Hydrogen, as will be shown later, 

has an effect so small that it may be disregarded, and carbon dioxide 
is practically inert. 

In Figure 1, d isa water well used to adjust the rate of gas flow, ¢ is 
an orifice-type flow meter with. water-filled manometer to indicate 
the flow, and fis a reservoir of water which drains into d through tube 
g. An escapement tube, h, for gas dips into the well d. It allows gas 
to pass out through an opening, 7, when the gas pressure in the appara- 
tus equals the hydrostatic pressure. Varying the depth of the escape- 
ment tube in the water adjusts the flow of gas through the flow meter: 
The arrangement of d, e, and f and connections maintains a constant 
flow of gas, regardless of variations in the resistance of the succeeding 
parts of the apparatus. This constant flow is accomplished by increas- 
ing or decreasing automatically and equivalently the depth of water 
in well d as the pressure in the apparatus increases through any 
mcreased resistance to the flow of gas. A constant pressure difference 
is thereby maintained across the orifice of the flow meter,” gas always 
escaping from the tube h, hence the rate of flow remains constant. 

‘ The gases pass to the receptacle 7 containing broken, fused calcium 
chloride (CaCl,) for removing any additional water vapor. From 
there they pass to the steam bath k, which is heated by a gas flame: 
A reflux condenser, /, stops escape of steam and also constitutes a vent 
which maintains atmospheric pressure in the steam bath. The bath 
thus provides a temperature as constant as the barometer. The gas 
passes through coil m in the steam bath, where it is heated to steam 
_v Oberfell, G. G., and Mase, R. P., ‘‘An automatic compensating flow meter, ” Jour. Ind. and Eng. 


Chem., vol. 11, April, 1919, pp. 204-206. Mase, R. P., ‘“Constant-flow gas regulator,” U. S. Patent 
1494856, May 20, 1924. — 
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FIGURE 1.—Diagram of essential parts of carbon monoxide recorder. For explanation, see text 
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temperature (100° C.), then through the box n, which contains the 
thermocouples and the catalyst. . 

Figure 2 shows details of the box. Forty-eight differential thermo- 
couples with soldered junctions are arranged in series on two mica 
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FIGURE 2.—Details of cell containing thermocouples and catalyst 
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sheets held in a cell mounted in the box. Figure 3 does not show the 
ends of the thermocouple wires which extend beyond the junction 
and away from the cards to engage the gases and conduct heat to and 
from the junctions. The leads from the couples extend to binding 
posts on top of the steam bath. Granular pumice stone sufrourds 
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the lower thermojunctions. Granular hopcalite surrounds the upper 
thermojunctions and imparts to them the increased temperature due 
to the chemical action. A trapped air space around the cell serves 
to insulate it against loss of heat laterally. The gases pass through 
the cell and from the box and escape through the receptacle o, which 
contains broken, fused calcium chloride to prevent entrance of 
moisture. 

The electric potentials impressed on the leads from the thermo- 
couples are communicated to a recording potentiometer, p, graduated 
to indicate CO in parts per 10,000, and fixed to record it with ink in a 
continuous line on a time chart. 

The mechanism of the recording potentiometer has electric contacts 
to ring the bell g as a warning should the CO exceed a predetermined 
concentration. This system can be made to operate a relay switch, 
thereby automatically increasing the ventilation through electrically 
driven fans, or it can control other processes in which CO may be 8 
factor or be made a factor. 


LABORATORY TESTS OF THE RECORDER 
DILUTING APPARATUS 


Many types of recorders constructed during the development of the 
final type were tested in the laboratory with synthetic mixtures of CO 
and air. The necessity of providing large volumes of air with CO 
admixed in any desired concentration from 1 to 10,000 parts per 
million (latter equals 100 parts per 10,000, or 1 per cent) led to the 
construction of the ‘diluting apparatus,” a system of gas pumps for 
air and for CO, flow meters,’® mixing jars, and delivery tubes, shown 
diagrammatically in Figure 3. The figure is self explanatory. As the 
tests of the recorders were based largely on the concentrations 
obtained with the diluting apparatus, precision of the dilutions was 
essential. Each flow meter of the diluting apparatus was carefully 
calibrated. The purity of the CO used was determined and the 
recording potentiometers were calibrated. 


ACCURACY OF DILUTING APPARATUS 


Flow meters of the diluting apparatus were calibrated by compar- 
ing the heads of water in the manometers against flow rates deter- 
mined with a gas meter attached in series and discharging into room 
air, or by determining the volumes delivered into gas burettes in 
measured times. Figure 4 shows a representative calibration of one 
of the capillary-tube flow meters for CO by the gas burette method, 
The capillary was about 0.5 mm. in diameter by 1,130 mm. long. 


18 Benton, A. F., ‘‘Gas flow meters for small rates of flow,’’ Jour. Ind. and Eng. Chem., vol. 11, 1919 
pp. 623-629. 
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The flows. through the capillaries.are directly proportional to the 
heads of water or pressure differences, as stated by Poiseuille’s law.'? 

Deviations of the determined points from the straight line are due 
more probably to errors of observation and manipulation than to 
irregularities in gas flow. The greatest deviation of points from 
the line in Figure 4 amounts to 3 per cent, but the average deviation 
ef the five points is less than 2 per cent. The latter figure: may be 
taken as the average error of the measurement:of the gases by flow 
meter. Flow meters were used only at water heads Sore 10 =e 
ue ‘to 120 ¢ cm. ne 
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FLOW OF CO, CUBIC CENTIMETERS PER MINUTE 
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HEAD, CoNTIMETERS OF waren 
Ficure 4.—Calibration of a flow meter with glass capillary orifice about 0.5 mm. in diameter 
by 1.1 meters in length, for delivering carbon monoxide at low rates of flow 


- The flow meters for measuring the large volumes of air do not give 
straight-line calibrations, because the flow of air becomes turbulent 
due to the larger orifices. Figure 5 shows the calibration of a flow 
meter designed to deliver 60 liters of air per minute. The orifice 
was 8 glass tube approximately 5 mm. in diameter by. 55 mm. long. 

As several flow meters were used concurrently 1 in series or parallel, 
cumulative errors could increase the inaccuracies beyond the 2 per 
cent average of the individual flow meters. It is improbable, how- 
ever, that the total errors of dilutions exceeded an average of 5 or 6 
per cent. The dilutions were checked by analyzing samples of the 


® Poiseuille, J ; L. M., “‘ Recherches expérimentales sur le mouvement des liquides dans les tubes de trés 
petites diamétres,’” Compt. rend. t. 15, 1842, pp. 1167-1196. Washhurn, E W., Principles of Physical 
Chemistry, 2d ed., New York, 1921, pp. 61-63. 
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mixtures with the Haldane apparatus, the most accurate gasometfric 
method, and they appeared fully as accurate as the Haldane method, 
which may vary by 2 parts in 10,000. 

PURITY OF THE CARBON MONOXIDE 


Carbon monoxide was made by dropping formic acid into heated 
sulphuric acid. The gas was then passed through a ges-mask 
canister of activated charcoal and soda lime to remove vapors of 
formic acid and sulphur dioxide or other vapors and was stored in a lab- 
oratory gasometer of 5 cubic feet capacity. A number of samples of 
gas taken from the gasometers at different times and analyzed by the 
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FIGURE 5.—Calibration of a flow meter to deliver 60 liters of air per minute—orifice in glass 
approximately 5 mm. in diameter and 55 mm. long 


combustion method with Orsat apparatus showed 97.8 to 98.5 per 
cent CO. As the differences only slightly exceeded the errors of 
analysis, the CO was considered 98 per cent pure, and allowance 
was made accordingly in computing the calibration of recorders. 


CALIBRATION OF RECORDING POTENTIOMETERS 


Four Leeds and Northrup recording potentiometers with scale 
paper 10 inches wide were used. The instruments had ranges across 
the paper of 3.16, 10, 17.9, and 30 millivolts, respectively. (The in- 
strument with 3. 16 millivolts range was made originally with 10 milhi- 
volts range, but was modified to increase its deflections.) All the 
instruments were adjusted to indicate zero potential at a point 1 inch 
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from the left edge of the scale, so as to show occurrence of any chance 
negative potentials as well as the positive potentials due to oxida- 
tion of CO. 

The deflections of each instrument registered i in ink on the scale 
paper were calibrated against various impressed potentials accu- 
rately determined with a standard potentiometric system in the 
physics laboratory of the Bureau of Mines. Table 1 gives the cali- 
bration of the recording potentiometer of 10 millivolts range. The 
average error of the inked record is 0.06 inch, equivalent to 0.06 
millivolt, or less than 1 per cent of the range of the recording poten- 
tiometer. 

During the earlier tests of the CO recorders the potentials developed 
by the thermocouples were determined by the recording potenti- 
ometers and checked by a Tinsley “‘vernier potentiometer” and gal- 
vanometer, sensitive to 1 microvolt. It was ascertained after usage 
that the recording instruments were entirely reliable for the purposes, 
whereupon the Tinsley potentiometer was discontinued. 


TaBLeE 1.—Calibration of recording potentiometer of 10 millivuits range 
{External resistance less than 1 ohm. Record scale pa wide and nominally indicates 1 millivolt 
per in 


| Deflection Deviation 


Deflection | Deviation 
pressed potential of record record fro 


pressed potential 


zero 


scale zero scale 
(inches) | (millivolt) (inches) [{ (millivolt) 


i 
too | . 
™P Gmilliv olts) line from nominal | Plamilliv olts) line from nominal 
| 


The recording potentiometers used may be accepted, then, as 
inherently accurate to 1 per cent of their scale ranges. This degree 
of accuracy, however, remains only when the external circuits (con- 
taining the thermocouples) include total resistances that are com- 
paratively low. On external circuits having a total resistance of 1 
ohm or less the recording potentiometers of 10, 17.9, and 30 millivolts 
ranges repeatedly indicated the same line of potential whether 
approach was from right or left; the instrument with 3.16 millivolts 
range approached its line to +0.05 inch. When 30 ohms was intro- 
duced into the latter’s circuit, the discrepancy increased to +0.4 
inch, equivalent to 0.125 millivolt or +4 per cent of the range. 
External resistance also decreased the speed of response of all the 
recorders; hence the resistance in circuits of CO recorders should be 
kept low. If the resistances do not exceed, say, 2 or 3 ohms, the 
indications of the recording potentiometers may be accepted as 

60141—26{——3 
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accurate to 1 per cent, and errors from this source may be considered 


unimportant. 
CHARACTERISTICS OF RECORDERS 


EFFECT OF CHANGING RATE OF GAS FLOW 


The quantity of heat liberated by oxidation of CO in the catalytic 
cell depends on the concentration of the CO, the rate at which gas 
passes through the cell, and the proportion of the CO that is oxidized. 
Some of the heat is lost by conduction; that remaining increases the 
temperature of the gases themselves and of the catalyst, thermo- 
couples, and parts of the apparatus in contact with the gas during 
and after the reaction. If the concentration of the CO is uniform, a 
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FIGURE 6.—Graph showing effects of increasing rates of gas flow on potentials developed by 
differential thermocouples with carbon monoxide at 600 parts per million. Cell contained 48 
couples in series (volume 100 c. c., depth 5.63 cm.) filled with 60c. c. of hopcalite above 40c. c. 
of granular pumice 


100 199 


condition is reached eventually when no further rise in temperature 
occurs, then all the heat is dissipated through conduction and through 
removal in the gas stream. With increasing rates of gas flow up to 
certain limits the more rapidly the parts are heated to a temperature 
of equilibrium the more rapid becomes the response of the recorder, 
and its sensitivity becomes greater. On the other hand, the rate at 
which the catalyst can bring about the reaction is limited, so that 
considerable CO gas escapes unburned at excessive rates of flow. 
The effects of different rates of gas flow on the potentials developed 
by the thermocouples are shown in Figure 6. The cell contained 48 
differential couples in series (48 silver and 48 constantan wires), 
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within a cell volume of 100 ¢c. c., the depth being 5.63cm. The upper 
and lower thermojunctions were stationed 4.15 cm. apart and were 
0.74 cm. from the top and bottom of the cell. The cell was filled 
with 60 c. c. of 8 to 20 mesh hopcalite above 40 c. c. of 8 to 20 mesh 
granular pumice. Carbon monoxide in uniform concentration of 
600 parts per million was used for testing. Maximum potential, as 
shown by Figure 6, developed at a flow of 46 liters per minute. At 
this point the curve is rather flat, so that minor variations of flow 
produce only a negligible change in potential; advantage is taken of 
this in operation. However, the peak becomes increasingly sharp 
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FIGURE 7.—Calibration of cell containing 24 differential thermocouples against carbon monoxide 
at various dilutions in air and at best rate of flow (33 liters per minute) 


CARBON MONOXIDE, PARTS PER TEN THOUSAND 


in curves of greater concentrations of CO, and vice versa for lower. 
At rates of flow below 40 liters per minute variations of flow cause 
relatively large changes in potential; at rates above 50 liters per minute 
the changes of potential are less pronounced. 

Although the thermoelectric effects are greatest at the best rate 
of flow, considerable CO escapes unburned. A cell of 24 couples was 
operated at a flow of 33 liters per minute, the best rate, and the 
outgoing gas was passed through a second apparatus. A practically 
constant proportion of 15 per cent of the incoming CO escaped when 
the gas entering the 24-couple cell ranged up to 40 parts per 10,000. 
The best rate is thus determined by a balance between the amount 
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of heat produced, the loss of heat by conduction, and the escape of 
proportionally more unoxidized CO at the higher rates of flow. 

The best rate of flow was determined for each cell before it was 
calibrated: then calibrations against different concentrations of 
CO in air were made at the best rate of flow. Figure 7 shows the 
calibration of the 24-couple cell. The calibration is evidently a 
slightly curved line. Potential effects greater than the direct ratio 
show at the higher concentrations, probably because of the more 
éffective oxidation of CO at the higher temperatures. 

A similar curvature was found by Lamb and Larsen,” who used a 
platinum catalyst with CO, but they ascribe the curvature to a lesser 
loss of heat by conduction through oxidation of the CO at higher 
concentrations within a smaller volume or ‘reaction zone.” 

For most practical purposes the straight line, indicated by dashes 
in the graph, may be accepted as the calibration. It indicates about 
0.62 millivolt developed for each part of CO per 10,000, or each 
millivolt represents 1.62 parts of CO per 10,000 parts of aur. 


EFFECT OF DEPTH OF HOPCALITE 


The effect of varying depths of hopcalite (8 to 14 mesh granules) 
was determined in a cell having a cross-sectional area of 12.90 square 
centimeters, and containing 12 differential thermocouples. In this cell 
the depth and other general arrangements were the same as described 
for the 48-couple cell. The depth of hopcalite was computed from 
the cross-sectional area of the cell and from the measurement of the 
volume of hopcalite in a graduate. The results, presented in Figure 
8, show the best depth of hopcalite to be 3.4 cm. above a 2.2-cm. 
layer of granular pumice, or 60 per cent of the cell depth. This gives 
a proportion of two-thirds hopcalite and one-third pumice for the space 
between the thermocouple junctions; and it was used in all further 
experiments with cells of this depth. 

Each point of Figure 8 represents the sensitivity at its respective 
best rate of flow; these flows were 8.0 liters per minute for the 1.15-cm. 
depth, 14, 164, 31, and 45 liters per minute. The speed of response 
of the recorder to changes in CO concentration was always hastened 
by increasing the rate of flow. Using the best depth and best rate, 
the 12-couple cell responded to a change of CO concentration in 20 
seconds. The record of the change was 67 per cent completed at 1 
minute after the change, 90 per cent at 2 minutes, 95 at 234 minutes, 
and the position of precise indication was attained in 4 to 8 minutes. 

Another cell was made 10.8 cm. deep (as compared with 5.63 cm. for 
previous cells), 18.20 square centimeters cross-sectional area (like 
the previous 48-couple cell), and containing 48 differential couples of 


* Lamb, A. B., and Larsen, A. T., ‘‘The rapid determination of carbon monoxide in air,’’ Jour. Am. 
Chem. Soc., vol. 41, December, 1919, pp. 1908-1921. 
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No. 18 (B. & S. gauge) constantan wire and No. 21 copper wire. 
Tests of this cell with varying depths of hopcalite showed the best 
depth to be 4.7 cm. However, the cell showed no increased ther- 
moelectric effect when used with its best rate (80 liters per minute), 
so the shallower cells were mostly employed. 


EFFECT OF INCREASING THE NUMBER OF THERMOCOUPLES 


-\ set of cells was made with thermocouples in series of 6, 12, 24, 
48, and 96. All cells were the same depth, 5.63 cm. The cross 
sections were increased as the number of thermocouples required, 
and ranged between 2.54 by 2.54 cm. for the 6 couples to 4.60 by 


ae eel else te ee es 
SRR Zoe 
ie aes eae eee eee Rea 

cl Pe Wea ese dead 


oe 


CO SENSITIVITY, PARTS PER 
TEN THOUSAND PER MILLIVOLT 
Re eas aes See 
Hit 


1 2 
DEPTH OF HOPCALITE MEASURED FROM TOP OF CELL, CENTIMETERS 
F1IGURE 8.—Effect of various depths of hopcalite on sensitivity of cell containing 12 differential 

thermocouples. Granular pumice was used to fill cell space that remained after adding hop- 
calite 


7.14 cm. for the 96 couples. The 6, 12, and 24 couple units were 
mounted on single mica cards, the 48 on two cards, and the 96 on 
three cards. All of these couples were made of silver and constantan 
wire, respectively, No. 28 and 18 (B. & S. gauge). Copper wire in 
place of silver was tried in other cells and seems to be nearly as good, 
the cells developing almost equal potentials and having nearly 
equivalent resistances. 

The principal characteristics of the series of cells are listed in 
Table 2. Resistances ranged from 0.274 ohm for the 6 couples to 
3.78 obms for 96 couples. The 6, 12, 24, and 48 couple cells devel- 
oped potentials nearly proportional to the respective numbers of 
couples, showing about 0.27 millivolt per couple for each part of 
CO per 10,000. This agreement is excellent. The 96 couples gave 
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about 0.25 millivolt per couple. The decrease is not an unusual 
deviation, as later figures (p. 20) will show, and is due probably to 
irregularities in the flow of gas or to channeling through various parts 
of the cross section because of irregularities in the interlocking of 
the granules. The best rates of gas flow based on the square centi- 
meter unit of cross section also increased with the cross-sectional 
area of the cell, ranging from 1.71 to 2.74 liters per minute. Reasons 
for this increase are obscure, unless channeling is a contributing 
cause. 7 


TaBLeE 2.—Characteristics of cells containing different numbers of thermocouples 


ipepen of celis, 5.63 cm.; thermocouples, No. 28 silver and No. 18 constantan (B. & S. gauge) wires 

Thermojunctions were soldered and hot and cold junctions were set, respectively, 0.74 cm. from top an 
bottom of cell, spacing junctions 4.15cm.apart. Hopcalite layers, 8 to 14 mesh granules, at top of cells 
were 3.4cem. deep, which includes two-thirds of distance between thermojunctions. Each couple de 
velops 0.0433 millivolt per degree centigrade between 100 and 190°] 


| Potential developed by 
Best rate of gas flow : 1 part CO per 10,000 
t bes 


; Cross- ; i tlow 
Resistance : (liters per minute) | parts air a t tlo 
Number of differential of couples calgon pant | rate (millivolts) 
thermocouples and leads (s 
(ohms) auere 
centimeter) Per square ,; 
Per cell centimeter Per cell | Per coupie 
Gecestoyccecee cle osececcetes 0. 274 6. 45 ll 1.71 | Q 160 0, Un. 
| Serer es teh RI enna Ran eR aa ae . 492 12. 90 29 2.25 . 325 0271 
DA sh cseiiue tie woe aceon fae . 985 14. 52 33 2. 27 . 660 . 02, 
BG cl nos Ae Meee ee 1,97 18. 20 46 | 2. 53 1.30 Ort 
2.74 | 2.39 . 0249 
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MAXIMUM THERMOELECTRIC EFFECT OF OXIDIZING CARBON MONOXIDE 
IN AIR 


The highest average potential increase attained by oxidizing CO 
in increments of 1 part per 10,000 parts of air mixture was found at 
0.0297 millivolt per thermocouple in the 12-couple cell. (See highest 
point of fig. 8.) The figure 0.0275 millivolt per couple for each 
part of CO per 10,000 (see Table 2) may be taken as an average. It 
is only 66 per cent of the possible potential according to calculations 
based on the following data: 
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Data used in calculations 
PS ees ea TR rae aT ee eee 
Item Value Authority 
Heat of combustion of CO to COs 
Peterlee aioe ce -calories per gram-molecule. . 67,960 | Thomsen.! 
Weight of 1 liter of air at 0° 760 TNMs ooo eck ee aes 1, 2928 | Guye.? 


Specific heat of air at 100° C. and constant pressure 


heh ith bk ad SN ork ach oe A lee Ui es Ne dat ghd calories per grain... 0. 2430) Swann: 
at sarteend heat of CO: at 100° C. and constant pressure ...do.... 0. 2214 Do. 
leculnr weight fC O.c2-o32 ccc eteiseveteseiceeeteseseb ees | 28. 00 ye: 


Molecular weight of CO3...........-2- 2-2-0 eee 41.00 | 

Factor for converting CO expressed as parts per million of gas 0. 001145 | Fieldner, Katz, and Kinney.‘ 
volume (25° C., 760 mm. pressure) into milligrams per liter. 

Factor for conv erting CQO as parts per million of gas volume 0. 001800 | | Do. 
(25° C., 760 mm. pressure) into milligrams per liter. | 


1 Thoinsen, J., ‘* Thermochemistry,’””? Longman’s Green & Co., New York, N. ¥., 1908, p. 232. 
7Quye, Pp. A., ‘‘Sur les variations de la densité de lair et ‘la loi de Loomis-Morley,’ * Jour. Chim. 
Phys., ‘vol. 15, 1917, pp. 561- 76. 


3 Swann, WF. G., ‘On the specific heats of air and carbon dioxide at atmospheric pressure by the con- 
tinuous electric method at 20 and 100° C.,’’ Trans. Roy. Soc., vol. 210, 1911, pp. 199-238. 

4 Fieldner, A.C. » Kutz, S.H., and Kinney, SP. “Conversion table for gase gy ‘pot er million versus 
milligrams per liter,” appendix. in Gas Masks for Gases Met in Fighting Fires, aper 248, Bureau 
of mines, 1921, 61 pp. 

The calculations are based on unit volume of 1 liter of air and CO 
mixture at 25° C. and 760 mm. pressure, the CO being 1 part per 
10,000 (=100 parts per million by volume), and assuming perfect 
gases : . 

1 2928 x 573 1.1843=weight of 1 liter of air at 25° C. and 760 mm. pressure. 
0.001145 K 100=0.1145 milligram CO per liter<>-100 p. p. m. 
=0.0001145 gram CO per liter<>=100 p. p. m. 
67,960-- 28 = 2,427 gram-calories per gram of CO oxidized. 
2,427 X 0.0001145 =0.2779 calorie from 1 part CO per 10,000 per liter (measured 
at 25° C., 760 mm.). 


Mixture of 1 part CO per 10, 000 parts produces 1 part CO, + 9,998.5 
parts residual air according to the equation 2CO+0O,=2CO,, or 
approximately 1 part CO,;+ 9,999 parts air. 

0.001800 x 100=0.1800 milligram CO, per liter. 


=0(0.0001800 gram CO, per liter. 
0.0001800 x 0.2214=0.00004 calorie per ° C. for the COQ,. 


1.1843 X 0.2430 Fih9 =O. 28776 calorie per ° C. for the air. 


Total=0.2878 calorie required to raise the gaseous products of reaction 
and air from 100 to 101° C. 
0.2779-+-0.2878=0.9656° C. theoretically possible temperature increase die to 
oxidation at 100° C. of 1 part CO per 10,000 of air. 


One couple was found to develop an average of 0.0275 millivolt 
due to 1 part CO per 10,000 and the couples gave a potential of 
0.0433 millivolt per degree centigrade, therefore— 


0.0433 X 0.9656 = 0.0418 mv. from 1 part CO per 10,000, theoretically possible. 
0.0275+0.0418 x 100=65.8 per cent of the theoretically possible potential was 
on the average attained by the cells. 


And the thermocouples indicate— 


0.0275 X 0.0483 =0.635° C. average rise in temperature of gases due to 1 part 
of CO per 10,000 parts. 
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The maximum efficiency attained in any experiment was 70.5 per 
cent, indicating a 0.680° C. rise due to 1 part CO per 10,000. 

Inability of the cell to indicate a higher temperature difference 
between the hot and cold junctions of the thermocouples may be due 
to conduction of heat along the wires or adjacent parts of the cell 
from the reaction zone to the cold junctions. The cells are insulated 
laterally by an air space. That no considerable amount of heat 
passed laterally from the cell was proved by surrounding the cell 
with an insulation of 85 per cent magnesia. This insulation did not 
increase the potentials. 


REPRODUOIBILITY OF CELLS 


The 48-couple cell was refilled four times with hopcalite and pumice 
in the ratio 60:40, and recalibrated each time. The best flow and 
the calibration factors were found as shown in Table 3. 


TABLE 3.—Results of calibrations of cell with 48 couples refilled four times 


Concentra- | 
ae of CO Eetente 
‘ ! producing 1 | produced in 
ead | millivolt '48 ditlerential 
Filling of cell (liters per potential couples by ] 
SS token from j partof CO ia 
calibration | 10,000 (mille 
graph (parts Volts) 
per 10,000) 
ee ai ee ee | 
Do Se aise 2 ens et a hare ee cae a Sie ah ih hte ale a 42 0. 8&3 1. 21 
Bh awa tuawe se clwled pbkcuweeadedanewete auceaceo teense ieee oe eEt 43 . 80 1.25 
Sct ateh oe Ueuidls da ota sone eee sane aaa sor eteeusbeseceeeuee 44 | re | 1.30 
Wiehe caiiee ue oat ee aie eo eet ee cee ania s tn eo tana tto 46 .9l 1.10 
PV OUORG oe os ccc ce ss ietoue bout ane dome ewddewddlecsecadeceeeucce 44 . 83 1. 21 


The maximum CO deviation from the average is less than 10 
per cent. This indicates that with ordinary care in proportionating 
the hopcalite and pumice cells may be refilled repeatedly, and if 
used with an average calibration of 1.21 millivolts per 48 couples 
(0.025 millivolt per couple) for 1 part CO per 10,000, the error 
should not exceed 10 per cent of the indicated CO. It is best, 
however, to recalibrate for each cell filling, which will reduce the 
relative errors to about 5 per cent or less. 


DETERIORATION OF HOPCALITE 


The thermoelectric cells heretofore were used only for short periods 
of testing. However, a hopcalite and thermometer arrangement 
for indicating CO, shown in Figure 9, was employed as a guide 
through an extended series of tests. No exact record was kept of 
the total time the indicator was used, but it amounted to 3 to 7 hours 
on occasional days when tests were conducted, over a period of months. 
The instrument was recalibrated several times during this penod. 
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THERMOMETER AND HOPCALITE INDICATOR FOR CO 


The indicator consists, essentially, of a thermometer with the 
bulb inserted into a layer of hopcalite held in a tube through which 
air with admixed CO passes. A steam bath in a glass container, 
heated by a flame, surrounds the tube. A reflux condenser is at- 
tached, and a second thermometer has its bulb in the steam bath 
to indicate any temperature changes due to the barometric pressure. 
The air flow was measured through a flow meter, then passed through 
a glass coil preheater before going to the hopcalite. To prevent 
entrance of water vapor, a guard tube of calcium chloride was inter- 
posed in the gas stream before the hopcalite and another after it. 
The writers first saw this type of apparatus constructed by R. P. 
Mase. 

Gas was passed at the rate of 4 liters per minute, but later it was 
found that 74 liters per minute was the best rate. Calibrations 
at intervals showed a decrease in sensitivity through deterioration 
of the hopcalite, as follows: 


TaBLe 4.—Decrease in sensitivity of CO indicator used with unpurified room air 


containing CO 
co 
rise of ther- | Sensitivity, 
Date calibrated, 1923 niometer part C 
AOS Dina ce ee cssecscen cose eee sect iedewidelee os bacecteeseeseplisececeeeeucceeews 1, 38 072 
May Dis Siesasssesweiiscet ssc deateccecescses ctetiewsieeanccsussiesasscese tenes 2.15 47 
Beal 0 ete oe es pecans 3. 50 30 
rT Sr SN a ee i nee en Oe eS a APRN PN ONCE PLR OTN 3.73 27 
BOG 28 aww ss sisn Stns awasic cancanesSauacaecseseeseces aacesascacsesacadseouvesens 4.00 - 25 


The sensitivity decreased from 0.72° C. for each part CO per 10,000 
to 0.25°, or two-thirds in 54 months. Deterioration of hopcalite 
is undoubtedly due to the action of impurities in the air which it 
absorbs or catches, such as oil vapors or droplets from the air pumps, 
dust and smoke particles, ammonia, and acid gases such as sulphur 
dioxide.» It was found that a gas purifier of sulphuric acid, soda 
lime, activated charcoal, absorbent cotton filters, and calcium 
chloride removed the deleterious components without perceptibly 
affecting the passage of the carbon monoxide. 


EFFECT OF MOISTURE 


That moisture inhibits the action of hopcalite is well known.”! 
The effect on the accuracy of the recorder was found by passing 
alternately moistened and dry air with CO through a cell that had 

#1 Lamb, A. B., Bray, W. C., and Frazer, J. C. W., ‘‘The removal ofcarbon monoxide from afr,”’ Jour. 


Ind. and Eng. Chem., vol. 12, March, 1920, pp. 215-221. Katz, 8. H., Bloomfield, J.J., and Fieldner, A. C., 
The Universal and the Fireman’s Gas Masks, Tech. Paper 300, Bureau of Mines, 1923, 22 pp. 
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@ Thermometer graduated in 0.2 °C. 
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FIGURE 9.—A carbon monoxide indicator with hopcalite and thermometer 


first been calibrated with dry gases. 
The water vapor was kept at a 
uniform tension of 15.8 mm. of mer- 
cury, equivalent to 91 per cent rel- 


ative humidity at 20° C., and consti- 


tuting about 2 per cent by volume 
of the resultant humid gas. Figure 10 
shows the effects of the water vapor 
upon the‘cell of 24 couples. The 
potentials were lowered about 14 per 
cent. In these tests the gases entered 
the cell at the temperature of sat- 
uratedsteam. At lower temperatures 
the effect of water vapor on hopcalite 
is accentuated. Tests showed that 
the cell recovered fully its original 
(dry gas). sensitivity in one or two 
minutes when the moist gas was fol- 
lowed by dry gas. Gases passing into 
the recorder should, for accurate 
analysis, be free of moisture. 


EFFECT OF HYDROGEN 


The gas-purifying system of sul- 
phuric acid, activated charcoal, caus- 
tic, absorbent cotton filters, and cal- 
cium chloride removes all gases oF 
vapors that can impair the hopcalite 
or vitiate the CO records, with the 
possible exception of hydrogen. The 
action of hydrogen was, therefore, 
investigated. A statement had been 
made previously that dry hydrogen 
(90 per cent) mixed with air (10 per 
cent) and passed through hopcalite 
at room temperature showed ne 
considerable oxidation of hydrogeD, 
but when “the temperature of the 
affluent gases was raised to about 60 
or 70° rapid oxidation of the hydre- 
gen set in.’’?? 

5 ete oa neice 


12 Lamb, A. B., Scalione, C. C., and Edgar, G., ‘‘The preferential catalytic combustion of carbon monos- 
ido in hydrogen,” Jour. Amin. Chem. Soc., vol. 44, April, 1922, pp. 738-757, 
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_Fraure 10.—Graph showing lowered potentials developed by the 24-couple cells when the gases 
are moistened with water vapor at 15.8 mm. pressure (about 2 per cent by volume) 


HYDROGEN ALONE IN AIR 


Figure 11 shows the potentials developed by the 96-couple cell 
when dry air containing hydrogen at a dilution of 30 parts per 10,000 
was passed through it at various rates of flow, also when CO at 10 


parts per 10,000 was passed 
through. The hydrogen de~ De i ee ee eee 
ta 


veloped a maximum poten- * 

tial of 18.4 millivolts at 15 Oo 10 nara cee 1000 
liters per minute flow, where- 

as the CO developed a maxi- 
mum of 24.1 millivolts at 

about: 85 liters per minute 

flow. At 85 liters flow the 

hydrogen gave only 5.5 milli- 

volts, or about 0.183 milli-. 
volt per 1 part per 10,000. 

Thus, the effect due to hy- 

drogen alone in air is only 

about 7.6 per cent of that of 


POTENTIAL, MILLIVOLTS 


the equal partial yolume of 
CO when both are passed at 
the best flow rate for the 
carbon monoxide. 


40 80 
FLOW, LITERS PER MINUTE 


FIGURE 11.—Potentials developed by 96-couple cell with 
various flow rates of dry air containing 30 parts per 10,000 of 
hydrogen, or 10 parts per 10,000 of carbon monoxide 


Calibration of the 96-couple cell with various concentrations of 
hydrogen in air up to 50 parts per 10,000 at 85 liters per minute flow 
(best rate for CO) showed potentials increasing nearly uniformly 
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with concentration. A similar calibration at 15 liters per minute 
(best rate for H;) gave nearly uniform potential increases up to con- 
centrations of 20 parts of H; per 10,000, after which proportionally 
higher potentials appeared. : 


HYDROGEN AND CARBON MONOXIDE IN AIR 


When mixtures of H;, CO,.and air were passed through the cell of 
24 couples, potentials were developed as indicated in Figure 12. 
This figure shows that a given concentration of H; causes a greater in- 


crease in potentials when 
itt ttt}? T TTT yTTyTyd=sothe CO concentration is 
[| | | | | Brie, He nnte]/| [| high than when it is low. 
ditt tt TT VV | ‘The increase must be due 
Pt hh vetane st AVA to the effect of increased 
TTT meen VA [ | temperature generated by 


the CO, causing more ox- 
idation of hydrogen. Car- 
bon monoxide and hydro- 
gen are evolved with auto- 
mobile exhaust gas in the 
average volume ratio* of 
1:0.4. ‘The potentials gen- 


LZ ied 

mri litt ttltytttrreeed © erated in the 24-couple cell 
0 atu fe 16 me gs Ss by air containing various 
CARBON MONOXIDE. PARTS PER TEN THOUSAND (P.P.T.T.) , tities of CO and Hi i 
FigURE 12.—Potentials developed by 2-couple cell with GUantilies O and tt; 1n 


mixtures of carbon monoxide and hydrogen in air, 1: 0.4 ratio (2.5 volumes 
passing at rate of 33 liters per minute (best rate for ee) to 1 volume H,) were 


carbon and monoxide) ; 

taken from Figure 12 and 
are shown in Figure 13, together with the calibration in absence 
of hydrogen. This was done graphically by drawing equipotential 
lines, as indicated by points taken from Figure 12, on coordinates 
with concentrations of CO as abscissas and concentrations of H; 
as ordinates, drawing thereon the line indicating CO and H;, in 
1: 0.4 ratio, and taking from the graph the concentrations of CO 
and H; in ratio 1: 0.4 that intersect the various potential lines. 
Curves similar to Figure 13 were drawn for CO-H, mixtures in other 
ratios, and errors of CO analysis due to the presence of H; were taken 
from them. The results are assembled in Table 5. 


POTENTIAL, MILLIVOLTS 


"™ Jones, G@. W., and Fieldner, A. C., Gasoline Saved on Government Trucks by Adjusting Carburetors 
by Exhaust Gas Analysis. Reports of Investigations Serial 2487, Bureau of Mines, June, 1923, 13 pp. 
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TaB_e 5.-—-Errova of analysis of CO in air due to presence of Hz in different 


proportions 
Errors "Errors 
Bydro- = Hydro- a 
gen xcess gen xcess 
co oo (parts | CO Indi-| Percent- || ©° resi tala (parts | CO indi-| Percent- 
ideas per eated | age based per 10, per cated | age based 
10,000) (parts { on actual 10,000) (parts | on actual 
per co per co 
10,000) 10,000) 


RATIO 1:1.0 


Poo cee ica eens 0.1 0.014 | AY 2) ep (eee nee mn 1.0 0. 09 9.0 

p> aN eee a aera a 2 . 028 i a |g, ea ocean ate 2.0 19 9.6 

Y EN RE 4 . 060 Oe a0 eee eee aE 4.0 .43 10.7 

re ks eurennoee, 6 . 096 16 |) Oi cccncascn cence 6.0 71 11.9 

OGRE me tae En 8 14 ye 2 a. ee ee re 8.0 11 13,2 

1 eae Lee: 1.0 19 10 Ose a ee 10.0 1.5 14.6 

1S coe ocee coos eee 1.5 35 7 a Li |. ee 15.0 2.7 18,3 

DO se ce ace caice 2.0 . 56 ae | nena 20. 0 4.5 22.3 

7 eee nea 25 . 80 3.2 |! 26..............--.- 25.0 6.6 26. 4 
RATIO 12.2 

ee eee 02 0. 021 OT tlc ee sce Se sees 1.5 13.1 

7 ER aA Re ET 4 . 044 Oe Ha er an eee ARNE eet 3.0 13.8 

CWO ee eon ats 8 10 O56 Wi Rete c cece 6.0 15.3 

Ooo es ae 1,2 17 D8 | Oc acces cuceusewatls 9.0 16.9 

Do es 1.6 25 ey |e eae eran 12.0 (186 

10 soos hiss werscetee 2.0 35 3.5 || 10............-..--- 15.0 20: § 

] Renee ae | 3.0 . 66 BA WAB oc ce0 ees seckn 22.5 25.5 

Oe ose cece. 4.0 1. 06 68 Wve 30.0 31.0 

Reco wes a eaces | 5.0 1. 58 ro 1a | he eR BT Bo eee se eases 
RATIO 1:0.4 RATIO 1:2.0 

Pssst eee 0.4 0. 034 ae eae ee 2.0 0. 18 18.0 

pS a Mae 8 074 ig See eeareiee 40 : 18.9 

PES Ne et L6 18 BO 4 sel cae ee eens 80 82 20. 6 

GAGE See nae 2.4 . 30 60 N 6cccocececceccconsve 12.0 1.4 22.5 

RE 3.2 46 Ty | ee. eee ee 16.0 2.0 1.4 

Weeks Sg 40 64 64} 10.........-..---.-- 20. 0 2.6 26.3 

1B cee ee 6.0 1 25 83 || 1§......----- a enn 30.0 4.7 31.8 

7 eae a Oe 8.0 2.0 10.2 || 20.......--.-.-.-.-- 40.0 7.8 38.9 

DB oh cetave ace 10.0 3.1 12.2 || 28._._....-...------ BOO secre cs 
RATIO 1.6 

Doe eaace! 06 0. 058 6.8 

7 Ea See L2 2 61 

eee nay: 24 27 6.8 

G-n---——---n-e----- 3.6 46 7.6 

Leeman Carenun ces 4.8 33 84 

rT | ee nae ata 60 8 9.3 

| ee ai 90) 18 12.8 

Wo coerce ascwsc 120 | 2.9 14.4 

y : IE SRL ES 15.0! 4.3 17.3 


Accordmg to Table 5, the errors of CO analysis, due to the presence 
of hydrogen in the volume ratio of CO: H,;=1:0.4, range from about 
3.4 to 5 per cent of the actual CO when the latter is less than 6 parts 
per 10,000. Such errors may thus occur in analyses of the atmosphere 
in tunnels. They can be eliminated by calibrating the recorder for 
CO in presence of H, in 1:0.4 ratio, but as the errors are small and 
are on the side of safety their elimination is not essential. At higher 
concentration of the gases in the same ratio the errors are augmented 
somewhat; in gases of lesser H,-CO ratio the errors aresmaller. Even 
with hydrogen twice the concentration of the CO, and with high 
concentrations of 40 parts per 10,000, the error amounts only to about 
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39 per cent based on the actual CO. Even this error may not be 
excessive for determinations in some circumstances if no better 
determinations are possible. 


ae dee MaDe Mee des 
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CARBON MONOXIDE, PARTS PER TEN THOUSAND — 
tf tT 
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* POTENTIAL: 3 MILLIVOLTS 


Ficure 13.—Potentials generated in 24-couple cell by 
carbon monoxide alone in air, and by air containing 
carbon monoxide and hydrogen in volume ratio of 
1: 0.4; rate of flow, 33 Nters per minute (best rate for 
carbon monoxide) 


i 


{ 


RECORDER FOR SMALL PROPORTIONS OF CARBON MONOXIDE IN HYDROGEN 


A cell kept in an environment of 25° C. was not affected by passage 
of 50 parts per 10,000 (0.5 per cent) of hydrogen in air, whereas at 
25° C. CO in air (passed at its 100° C., best flow rate) exerted an 
effect on the recorder about one-third as great as at 100°C. The 
presence of small quantities of CO admixed with relatively large 
quantities of hydrogen, as for instance in the hydrogen used for pro- 
ducing synthetic ammonia, may thus be recorded by immersing 
cell and adjoined gas pipes in a thermostat kept at 25° C. and passilg 
through the cell the gases admixed with a small proportion of air. 


RECORDER FOR HYDROGEN 


On the other hand, by operating the recorder at 100° C. and at 
the best rate of flow for hydrogen, it can be made to record sm 
quantities of hydrogen in air. When hydrogen is to be recorded, 
carbon monoxide should preferably be absent. When both gasé 
are present, however, two instruments may be operated in parallel, 
one at low temperature and. one at high, to record the effects of 
alone and of CO plus H,. The H, can then be estimated by differ- 
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ences; or the CO can be determined and eliminated entirély by 
oxidation at low temperatures, and the residual hydrogen can then 
be determined in an environment of higher temperatures. 

The maximum thermoelectric effect of hydrogen in air was calcu- 
lated from data on page 23, together with the following: 


Additional data used in calculating thermoelectric effect of hydrogen | 


Item | Value Authority 
Heat ef cambustion af He to H:9 at 18°.C. .}-68,380 gretwn-talories per gram. ..... ‘Roth.! 
Heat of vaporization of water ~ 100° C. } 538.9 calories per gram......-...... Carlton-Sutton.! 


and 1 atmosphere pressure. : a 
Spens heat of steam at 1 kg. per cm.? | 0.486 calorie Pe gram at 99.1° C., | Knoblauch and Raisch.® 
1° sen peer of saturation). 0.481 at 110° C. vt 
specific heat of iquid water..............- Taken as 1.000 calorie per for 
oe range 18° C. to 


1 Roth, W. A., ‘‘ Die Bildingswarme des Wassers,’’ Zeit. fiir Electrochem., Jahrg. 26, July, 1920, pp. 
288-291 


*? Carleton-Sutton, T., ‘‘A determination of the heat of vaporization of water at 100° C. and one atmos- 
phere pressure in terms of the mean calorie,” Proc. Roy. Soc., vol. 93, 1917, pp. 155-176. 
3 Landolt-Bornstein-Roth, Physikalisch-chemische Tabellen, 1923, p. 1276. 


The calculation shows. 0.813° C. as the maximum theoretical 
jncrease in temperature of gases due to oxidation at 100° C. of H, in 
air when at a concentration of 1 part per 10,000. 

As compared with this figure, calculations based on the potential 
measurements and calibration of the thermocouples for temperature 
effects show an effective temperature rise of only 0.120° C. per 1 
part H, per 10,000, or 14.8 per cent of the theoretically possible effect. 
An analysis of the gases escaping from the apparatus when passed ' at 
15 liters per minute showed the following: 
ms Hydrogen entering= 50 parts per 10,000 (by dilution apparatus) 

Hydrogen leaving =43+2 parts per 10,000 (by Haldane analysis) 

_ Thus only 14 per cent of the hydrogen was oxidized. | 

- Another cell operated in a vapor bath at 127° C. increased ite 
ential against hydrogen threefold over that at 100° C.; the best 
rate remained the same. At this rate potentials due to carbon 
monoxide increased about 3 per cent. Operating the cell in an 
enyironment of higher temperature, 200 or 300° C., would increase 
the precision of the recorder in determining hydrogen alone in air. 


EFFECT OF CARBON DIOXIDE 


When carbon dioxide gas (CO,) is present, some of it may be re- 
moved by the soda lime in the canister for purifying the gases, but 
most of it passes through with the air and CO. Mixtures of CO and 
air with added CO, up to 8 per cent were tried in the recorder with 
96 thermocouples and a temperature of 100° C. The increasing CQ, 
had a linear decreasing effect on the electric potentials generated by 
the CO, as compared to equal CO concentrations in the absence of 
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CO,; but the decrease was small, the potentials decreasing only 
0.60 per cent for each per cent of CO, present. 

Calculations based on thermochemical data given on page 19 
indicate that the decrease in potential due only to the greater heat 
capacity of CO, per unit volume is 0.48 per cent for ! per cent of 
CO,. The 0.12 per cent difference may be due to mass action of the 
CO, in opposing the oxidation of CO or to CO adsorbed on the hop- 
calite preventing some of the catalytic action. Lamb and Vail * 
find a similar but much greater effect of adsorbed CO, upon the 
action of hopcalite at 25°C. The very small effects of the CO, at 
100° C. may be ignored in most practical applications of the CO 
recorder. If elimination of the effects of the CO, should be desirable 
for some special purpose, a more effective CO, absorbent may be 
included in the gas-purifying train. 


PERFORMANCE OF CO RECORDERS DURING EXTENDED USE 
CO RECORDS FROM EXHAUST GASES OF A GASOLINE ENGINE 


A CO recorder was operated through a period of six months in 
connection with physiological tests of gasoline-engine exhaust gases. 
Fresh air diluted the exhausts until the CO concentrations approx- 
imated 1 to 4 parts in 10,000. Then the gases were passed through 
a chamber where the CO was recorded during all test periods lasting 
about seven hours per working day. 

Plate II shows this recorder. All tubes were of glass, connected 
with rubber nipples, and the parts were assembled on a wooden 
frame designed to set on a table or bench. The thermocouples were a 
series of six pairs set lengthwise along a diametrical plane in a glass 
tube holding pumice and hopcalite. Except for the thermocouple 
construction in the cell, the glass parts and connections were similar 
to those of the thermometer-and-hopcalite indicator for carbon 
monoxide. 

The air in the chamber was: sometimes sampled, simultaneously 
with the operation of the recorder, continuously and at a uniform 
rate to obtain composite samples. Two such samples were taken 
each day, one in the morning and one in the afternoon. They were 
analyzed by the blood-pyrotannic acid method, accurate to about 
one-half part per 10,000.% The average concentration of CO was 
determined from the recorder graph by integrating the time-con- 
centration area and dividing by the time. A statement of the accu- 


% Lamb, A. B., and Vail, W. E., “The effect of water and of carbon dioxide on the catalytic oxidation 
of carbon monoxide and hydrogen by oxygen,’’ Jour. Am. Chem. Soc., vol. 47, January, 1925, pp. 123-142 

% Sayers, R. R., Yant, W. P., and Jones, G. W., The Pyrotannic Acid Method for the Quantitative 
Determination of Carbon Monoxide in Blood and Air, Report of Investigations, Serial 2486, Bureau of 
Mines, June, 1923, 6 pp. Also Tech. Paper 373, Bureau of Mines, 1925, 17 pp. 
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racy of the recorder based on the pyrotannic acid analysis for CO is 
given in Table 6. 


TABLE 6.—Acowracy of CO recorder with siz couples over a period of six months, 
based on results of CO analyses by the blood-pyrotannte acid method 


[Concentrations of CO in air ranged up to about 4 parts per 10,000) 


Deviations of recorder (parts CO per 10,000) 


Month, 1994 


Most of the discrepancies in Table 6 indicate slightly higher CO 
as determined by the recorder. Although a few individual deter- 
minations showed rather large discrepancies, several causes that are 
not due to the recorder possibly contributed to these discrepancies. 
These causes may have been incomplete mixing of gases in the cham- 
ber, accidental irregularities in rate of sampling, and errors of analy- 
sis. The average deviations, positive and negative, hardly exceed 
the analytical errors of the blood-pyrotannic acid method. How- 
ever, the results are especially interesting because they indicate no 
decrease in sensitivity of the recorder during a period of usage ex- 
ceeding six months. 

Throughout the tests the chemists engaged in the physiological 
experiments were guided chiefly by the analyses of the recorder. 


OPERATION OF RECORDER AT THE LIBERTY TUNNELS 


The recorder shown in Plate I (p. 6) has been continuously in use 
at the Liberty tunnels since August 1, 1924, and on January 1, 1925, it 
was still operating satisfactorily and without evident change in sen- 
sitivity. The record for Wednesday, October 1 (PI. Hil), is pre- 
sented as typical. 

The fans run from about 7 o’clock in the morning till canis mid- 
night. As long as the fans run the gas sample taken by the recorder 
is truly representative of tunnel conditions. From midnight through 
the early morning hours the tunnels have natural ventilation. During 
these hours ventilation may be caused by the wind, by differences in 
barometric pressure, by temperature differences, or by the traffic in 
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the tunnel.” On the other hand, on quiet nights at intervals when 
there is no traffic, mass movements of air may cease entirely. At 
times of natural ventilation the air in the ventilating shafts, in the 
&ir passageways in the fan house above. the tunnels, and in the 
stack vents may move either upward or downward or be motionless. 
Plate III shows a peak at 1.35 a. m. of about 1.3 parts of CO per 
10,000.. This-is probably due. to warm exhaust gas rising in the 
ventilating shaft and so tending to accumulate some CO in the fan- 
house airways above. Mass movements of air through the fan 
house must have ceased. Hence this peak probably does not repre- 
sent conditions in the tunnel at the time, although it indicates the 
true concentration of CO in the fan inclosure at the point from 
which the recorder draws its air sample. After this peak the CO 
dropped rather abruptly and continued at about 0.1 to 0.3 part 
per 10,000 until 6.30 a. m. This probably represents actual con- 
ditions in the tunnel with a natural ventilating current carrying 
tunnel air upward through the fan house to the discharge stacks. 
However, no corroborative observations on the ventilation were 
made then. 

About 6.30 a. m. there was a sharp increase in the CO and the fans 
were started at 50 r. p. m. about 7 o’clock, and apparently drew out 
some accumulated CO because the concentration rose to about 1.1 
parts per 10,000 and then decreased. At 9.40 the recorder was 
stopped for the purpose of cleaning and oiling the mechanism and 
supplying ink and about 3 pounds of fresh sulphuric acid. The atten- 
tion of a man for 10 to 30 minutes is needed daily for these duties. 
During most of the day the concentration ranged around 0.5 and occa- 
sionally rose to about 1 part per 10,000. Between 4.30 and 6.30 
p. m. the traffic peak occurs in the west tunnel, which is used by the 
traffic outbound from Pittsburgh. The recorder shows a maximum 
for the day about 1.6 parts per 10,000, and between 5 and 6 p. m. 
the CO ranged around 1 part per 10,000. Thereafter the concen- 
tration.was mostly below 1 part, ending with 0.4 part per 10,000 at 
midnight. 

All the records show that the ventilation has been more than 
ample since 4 parts CO per 10,000 parts of air is a tolerable maxi- 
mum for one hour’s exposure. At no time since the recorder was 
installed has the CO in this tunnel exceeded 4 parts per 10,000 of 
air. 

OTHER APPLICATIONS OF THE RECORDER 


The recorder previously described was tried only with carbon 
monoxide and with hydrogen in air, but the thermoelectric method of 
analysis is by no means limited to these gases. Hopcalite or other 


™ Fieldner, A. C., Yant, W. P.,and Satler L. L., jr., “Natural. ventilation in the Liberty tunnels," Eng. 
News-Record, vol. 93, Aug. 21, 1924, pp. 200-291. 
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catalyzers of oxidation can act on many combustible gases mixed 
with air or oxygen, either at the temperatures heretofore employed 
or else at higher temperatures. The heat of oxidation of any com- 
bustible gas in considerable dilution in air or oxygen or the reduction 
of oxygen in a combustible gas can thus be employed as a means of 
recording the concentrations. Temperatures of the environment 
about the cell may be increased by surrounding the cell and preheat- 
ing coils with the saturated vapor of a liquid of higher boiling point 
than water or by an electrically-heated or flame-heated solid or 
liquid medium under thermostatic control. At higher cell tempera- 
tures binary mixtures of air and methane may be analyzed, or air 
with any of the hydrocarbon gases or vapors such as gasoline, acety- 
lene, or benzene, and vapors of many other organic compounds such 
as alcohol, aniline, acetone, ether, formaldehyde, and many more. 
Even the gaseous compounds of sulphur or phosphorus may be 
determined by the method if a suitable purifying system and catalyst 
are employed. 

The apparatus may. be used to record the progress of some -chem-. 
ical reactions that involve the removal or addition of a gaseous 
component, provided that carbon monoxide can, without influencing 
the reaction, be introduced in uniform proportion into the gases 
prior to the reaction. For instance, the ammonium carbonate leach- 
ing process for copper requires oxidizing with air, a cuprous am- 
monium carbonate in water solution to cupric ammonium carbonate, 
and for efficient oxidation the air must be supplied in quantity to 
maintain about 50 per cent excess oxygen under various conditions 
of volume and concentration.” If carbon monoxide is introduced 
into the air stream in a uniform ratio of about 5 volumes of CO to 
10,000 volumes of air, a recorder arranged for highest sensitivity can 
be made to indicate the oxygen consumption by the increase in con- 
centration of the CO as oxygen decreases. Similar applications 
may be made in other gas reactions. 


SUMMARY AND CONCLUSIONS 


The apparatus described has been developed to analyze and record 
automatically carbon monoxide when present in very low concen- 
trations, especially that in the atmospheres of vehicular tunnels. 
It is based on the thermoelectric effect. produced in differential ther- 
mocouples when air containing CO is passed through a catalyst of 
hopealite surrounding the hot junctions of the thermocouples. 
Cells holding hopcalite catalyst with differential couples of 6, 12, 
24, 48, and 96 pairs of couples were made. These were placed in a 
constant-temperature environment, usually saturated steam, and 


" Benedict, C. H., and Kenny, H. C., ‘Ammonia leaching of Calumet and Hecla tailings,”” Trans. Am. 
Inst. Min. and Met. Eng.; vol. 70, 1924, pp. 595-610.’ 


Google 


32 A CARBON MONOXIDE BECORDEB AND ALARM 


the couples were connected electrically with a recording potentio- 
meter. 

A complete unit CO recorder included a motor-driven blower 
for the gases, a gas cleaner and purifier of sulphuric acid, caustic 
soda material, activated charcoal, filters of absorbent cotton, and 
fused calcium chloride drier, a flow meter arranged to maintain a 
constant rate of flow of gas through the cell, and copper coils for 
bringing the gases to the temperature of the cell environment before 
entering the cell. After passing through the cell the gases were 
wasted through a guard of fused calcium chloride to prevent entrance 
of water vapor. The recording potentiometer included mechanism 
for closing an electric circuit to ring a warning bell or operate signals 
as long as the CO exceeds a predetermined concentration. Some of 
the characteristics of the apparatus are as follows: 

1, The gas purifier restrained all gases except CO, H;, CHy, CO;, and 
the components of air except water vapor. Of these gases only CO 
and H, exert an important effect on the recorder under the operating 
conditions. The conditions can be so arranged that the hydrogen 
has no material effect upon the accuracy of the CO records. 

2. The potentials generated by the cells increase regularly with 
the numbers of differential thermocouples employed. | 

3. The potentials first increase rapidly with increasing rates 
of gas flow, reach a maximum, and then decrease. The maximum 
potentials for different concentrations all occur at substantially the 
same rate of gas flow. Operation at this rate gives accuracy, highest 
sensitivity, and more rapid response to changes in CO concentrations. 

4. A cell 5.63 cm. deep gave highest potentials when the hopcalite 
was 3.38 cm. deep. This hopcalite covered two-thirds of the distance 
between the hot and cold thermojunctions. 

5. A cell refilled several times with fresh hopcalite gave analyses 
agreeing to +10 per cent based on the CO in the gas. It is best to 
calibrate a cell after each filling by determining the potentials 
produced by air containing CO in known concentrations. An appa- 
ratus of flow meters for diluting with precision CO with air to concen- 
trations of 0.005 to 50 parts per 10,000 (0.5 to 5,000 parts per million) 
reduced the errors of calibration to 5 per cent or less. 

6. Hopcalite gradually deteriorated unless protected by the purify- 
ing system mentioned above. With this system no evident deteri- 
oration has occurred through a period of five months’ continuous 
use. 

7. When 2 per cent water vapor was added to the gases at 100° C. 
the potentials were reduced 14 per cent. At lower temperatures the 
poisoning effect of the moisture on the catalyst is augmented. 

8. Fifteen per cent of the CO entering a cell at 100° C. escaped 
unoxidized when the gases passed at the best rate of flow, that is, the 
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flow producing maximum potentials. The best rate of flow is thus 
determined by « balance between the quantity of heat generated 
and the losses from conduction and from escape of CO unoxidized. 

9. At the best rate of flow the cells generate about 66 per cent of 
their theoretically maximum thermoelectric potentials. With 15 per 
cent of the potential heat escaping in unoxidized CO, 19 per cent of 
the heat was’seemingly lost through conduction. 

10. A recorder with 12 differential couples operating at a flow of 
31 liters per mmute responded to various changes in CO concentra- 
tion in 20 seconds. The corresponding change in the record was about 
70 per cent completed in 1 minute, 90 per cent in 2 minutes, and 100 
per cent in 4'to 8 minutes. The speed of response increases with 
the rate of flow. 

11. Hydrogen alone in air gave no thermoelectric effect when 
passed through a cell at a temperature of 25° C. With the cell and 
hydrogen at 100° C. it produced a maximum thermoelectric potential 
only 15 per cent of the theoretically maximum potential according 
to calculations based on the heat of reaction of hydrogen and oxygen. 
This potential was generated at a rate of flow about one-sixth of the 
best rate for CO. At the best rate for CO the hydrogen exerted only 
7 to 8 per cent of its theoretically possible effect. At 127° C. the 
potential developed by hydrogen increased threefold over that at 
100° C. while the best rate remained the same. 

12. By operating the recorder cell in an environment of 25° C. 
and passing through it hydrogen containing traces of CO, a small 
uniform proportion of air being added as oxidizer, the CO can be accu- 
rately determined and recorded. 

13. By operating the recorder cell in an environment of 100° C. 
or higher and passing through it air or oxygen containing small 
quantities of hydrogen at the best rate of flow for hydrogen, the 
hydrogen present can be analyzed and recorded. When hydrogen 
is to be determined, CO should be absent or else eliminated by a 
preliminary selective oxidation, which has the advantage of permitting 
determination of both the gases when they are present together. 

14. Carbon monoxide in automobile exhaust gas is accompanied by 
hydrogen in average volume ratio of 1 (of CO) : 0.4 (of H;). This 
proportion of hydrogen causes an increase of 3 to 5 per cent in the 
analyses of CO in vehicular tunnels based on the actual CO present. 
A recorder operating in a vehicular tunnel thus indicates slightly 
higher CO than is actually present unless the calibration is modified 
to allow for the effects of the hydrogen. Since the errors are small, 
however, and are on the side of safety, it is not essential to heed them. 

15. The recorder is adapted to the determination of CO in rela- 
tively low concentrations in air. High concentrations may be de- 
termined by diluting the gases with a large definite proportion of air, 


Google 


34 A CARBON MONOXIDE RECORDER AND ALARM 


say, 1 to 100, before passing them through the recorder and then 
allowing for the dilution in reading the concentrations. 

16. A recorder having a cell of 48 couples has given continuous 
and satisfactory service at the Liberty tunnels, Pittsburgh, Pa., for 
five months and was still in service at the end of 1924. It records 
on a time chart the CO in parts per 10,000 and fractions thereof, 
being sensitive to about 0.02 per 10,000 (2.parts.per million). The 
range of this apparatus is from none to 9 parts of CO per-10,000 of air. 
A warning bell is arranged to rmg when the CO reaches a concentra- 
tion of 4 parts per 10,000 or more. 

This method of CO analysis is the most accurate and sensitive yet 
devised for small concentrations of CO in air. A sensitivity of ! 
part per million is readily attained. 
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PUBLICATIONS ON DETECTION OF CARBON MONOXIDE 


Requests for publications available for free distribution should be 
addressed to the Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its free publications 
‘that are available for distribution, as well as those obtainable only 
from the Superintendent of Documents, Government Printing Office. 


Interested persons should apply to Director, Bureau of Mines, for a 
copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION 


BuLueTIn 97. Sampliag and Analysis of Flue Gases, by Henry Kreisinger and 
F. K. Ovitz. 1915. 70 pp., 1 pl., 36 figs. 

BuLLetiIn 197. Sampling and Examination of Mine Gases and Natural Gas, 
by G. A. Burrell and F. M. Seibert. (In press.) 

TECHNICAL Parser 373. The Pyrotannic Acid Method for the Quantitative 
Determination of Carbon Monoxide in Blood and in Air, by R. R. Sayers and 
W.P. Yant. 1925. 18 pp., 2 pls., 1 fig. 


Rescue and Recovery Operations in Mines after Fires and Explosions, by James 
W. Paul and H. M. Wolflin. 


‘PUBLICATIONS OBTAINABLE ONLY FROM THE SUPERINTENDENT OF 
DOCUMENTS 


BULLETIN 23. Steaming Tests of Coals and Related Investigations, September 
1, 1904, to December 31, 1908, by L. P. Breckenridge, Henry Kreisinger, and 
W. T. Ray. 1912. 380 pp., 2 pls., 94 figs. 50 cents. 

Buuuetin 27. Tests of Coal and Briquettes as Fuel for House-Heating Boilers, 
by D. T. Randall. 1911. 44 pp., 3 pls., 2 figs. 10 cents. 

Buuietin 39. The Smoke Problem at Boiler Plants, a Preliminary Report, by 
D. T. Randall. 1912. 31 pp. 5 cents. 

BuLitetin 54. Foundry-Cupola Gases and Temperatures, by A. W. Belden. 
1913. 29 pp., 3 pls., 16 figs. 10 cents. 

“TEcHNIcAL Paper 11. The Use of: Mice and Birds for Detecting Carbon.Mon- 
oxide after Mine Fires and Explosions, by G. A. Burrell. 1912. 16 pp. 5 
cents. 

TxcunicaL Paper 62. Relative Effects of Carbon Monoxide on Small Animals, 
by G. A. Burrell, F. M. Seibert, and I. W. Robertson. 1914. 23 pp. 5 
cents. 

TrcunicaL Paper 122. Effects of Atmospheres Deficient in Oxygen on Small 
ae and on Men, by G. A. Burrell and G. G. Oberfell. 1915. 12 pp. 

cents. 
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